Desk-based employees reported that more than half of their total daily sitting time was accrued in the work setting.
are defined as "any waking behaviour characterised by an energy expenditure ≤1. 5 Metabolic Equivalents while in a sitting or reclining posture". 2 Sedentary behaviour is often operationalised as self-reported sitting time in epidemiological studies. 3 Reviews of epidemiological evidence suggest that individuals with regular high volumes of sitting time or other sedentary behaviours, such as watching TV, may be at an increased risk of all-cause and disease-specific mortality and chronic disease incidence (e.g. diabetes, cardiovascular disease). [4] [5] [6] Importantly, some studies have shown that the associations between sitting time and mortality/ morbidity may occur regardless of whether an adult meets the public health physical activity recommendations of 150 minutes/ week of moderate-to-vigorous physical activity (MVPA). [7] [8] [9] [10] However, some recent studies failed to show such relationships. 11, 12 Nevertheless, some health authorities within Australia, the UK and the US have provided recommendations for decreasing daily sitting time among adults. [13] [14] [15] Large-scale population prevalence studies have shown that, on average, adults report sitting for up to 5-6 hours a day, 16, 17 with younger adults and those with higher educational levels being among the most at risk of accumulating higher volumes of sitting. [16] [17] [18] Sitting occurs across numerous contexts on a daily basis, including occupational, educational, transport, domestic and leisure-time domains. 19 At present, few studies have examined how an adult's sitting time is distributed across these domains. In order to fully understand sedentary behaviour and provide grounds for public health interventions, it is important to obtain prevalence estimates of not only the total amount of sitting, but also the context in which these behaviours occur. 4 Identifying in which domain the majority of sitting occurs will inform potential settings or periods of the day when reductions in sitting can be targeted by intervention. For instance, if the majority of sitting occurs during transportation or while at work, then reducing sitting in these settings is likely to be a key intervention focus.
The work setting is important, given that employed adults spend more than half of their waking hours in the workplace. 20 Available data from large-scale studies suggest that self-reported workplace sitting ranges between 180 to 300 minutes (3-5 hours) per day. [21] [22] [23] This study aimed to examine prevalence estimates of total and domain-specific sitting time among Australian desk-based employees, and to help inform who is most at risk of extended sitting time, and in which domain this occurs, by exploring its sociodemographic, health and physical activity correlates.
Methods

Participants and recruitment
Participants were recruited from a sample of workplaces in Melbourne, Australia, generated using a publicly available on-line business database (www.dnb.com.au), which contains more than 50,000 private and public companies in Australia. Workplaces were included in the final sampling framework if they had at least 500 employees in total (including desk-based and non-desk-based employees). ) and collapsed to: normal or underweight (BMI<25); overweight (BMI 25-30); and obese (BMI ≥30). 31 We used the IPAQ-long to assess the time spent in physical activity within the transport, occupational and leisure-time domains during the past seven days. Data on the time spent in moderate and vigorous-intensity physical activity were used to categorise participants as sufficiently active (≥150 mins/week of moderate or ≥75 mins/week of vigorousintensity physical activity or an equivalent combination of both) or insufficiently active according to the Australian physical activity recommendations. 15 The IPAQ-long physical activity estimates have previously shown adequate reliability and validity. 32 Detailed description of IPAQ-long physical activity data processing protocols can be found elsewhere (http://www.ipaq.ki.se).
Data analyses
Data analyses used IBM SPSS Statistics 21 (SPSS Inc. an IBM Company, Chicago, IL, USA). Since the sitting data were not normally distributed they are presented as medians, 95% confidence intervals (95%CI) for medians based on bootstrapping (1,000 resamples) and interquartile ranges (IQR). A Kruskal-Wallis ANOVA was performed to test the differences in sitting time between sex, age, education, occupational, BMI and physical activity categories. Multiple linear regression analyses were conducted to investigate associations between sex, age, education, occupational category, BMI and physical activity level (set of independent variables) and total, occupational, leisure-time and transport-related sitting (dependent variable). The regression models were tested for: 1) multicollinearity using the variance inflation factors (VIF); 2) normality of residuals using the normal probability plot and histogram of residuals; and 3) heteroscedasticity using the standardized residuals vs. predicted plot. The VIFs ranged from 1.01 to 1.28 for independent variables in the regression models, indicating no multicollinearity. Other regression assumptions were also met for all regression models. Only slight non-normality of residuals was found when modelling transport-related sitting.
To normalise the distribution of residuals in the model, the time spent in transportrelated sitting was log-transformed, but no interpretative differences were observed in the output (data not shown). A significance level for all analyses was set at 0.05. Table 1 shows the socio-demographic and lifestyle characteristics of the participants.
Results
Responses to sitting questions were missing for seven participants (0.8% of total sample). Therefore, the final analyses included 794 employees. The sample comprised a greater proportion of women; just over half were classified as being overweight or obese (BMI ≥25) and a similar percentage reported having white collar occupations. More than half were aged 45 years or younger, had more than 12 years education, and more than three-quarters were sufficiently physically active. Almost 90% of the sample was made up of full-time employees.
The median total sitting time across all domains was 540 minutes/day, or 9 hours/ day (Table 1) . Medians for work, leisure-time and transport-related sitting time were 300, 171 and 60 minutes/day, respectively, representing ~56%, ~32% and ~11% of total daily sitting time, respectively. Total and domain-specific sitting time did not differ significantly by sex, but total sitting time was higher among those who were classified as insufficiently active, aged between 18 and 29 years of age, working in blue collar occupations and had 12 years of education (557-578 minutes/day). Adults aged ≥60 years had the lowest median sitting time in the work domain (257 minutes/day). The highest median leisure-time sitting was found for 
Discussion
This study showed that in Australian employees from desk-based workplace settings, an average of nine hours of the day was occupied by sitting, of which a large proportion was accrued at work. Higher total sitting time was associated with younger age groups, higher BMI and lower MVPA. Several socio-demographic and lifestyle variables were significantly associated with occupational and leisure-time sitting, but not with transport-related sitting.
The median total sitting time of nine hours/day observed in the present study is consistent with what has been reported in other samples of employees in Australia. 22, 26 By contrast, sitting time was 1.5 times the amount of sitting time that has been reported in population samples of young and midaged Australian women 28 and more than two times higher than has been reported in the Australian general population. 16 This difference might be partially accounted for by the use of different questionnaires. For example, Bauman et al. 16 used a singleitem total sitting time measure from the International Physical Activity Questionnaireshort form (IPAQ-short) to assess the sitting levels of Australian adults, whereas the present study and other studies 22, 26 have used a domain-specific questionnaire. Moreover, given that the present study recruited employed adults who mostly sat for their working tasks, it is likely that the higher sitting volumes than those previously reported reflect the restriction of our sample to adults working in desk-based settings. The amount of occupational sitting time reported by the participants in the present study was similar to that reported by Miller, 22 but ~50-100 minutes/day higher than in other studies on Australian workers. 23, 26, 27, 33 However, Chau et al. 20 found even higher occupational sitting time in a population sample of Australian employees who mostly sit for their working tasks. Our findings support the assumption that employees in desk-based professions spend more time sitting at work than other working populations. In contrast, the volume of leisure-time sitting found in the present study was approximately the same 34 or lower than in other working populations. 26, 27 Furthermore, the median of one hour per day spent sitting during transportation was consistent with other working populations in Australia. 22, 34 Based on these findings, it seems to be the case that transportrelated sitting time does not differ between employees with more or less sedentary jobs.
An important question to consider when interpreting our results is whether the sitting volumes observed in our sample are Table 2 : Results of multiple regression analyses with socio-demographic and lifestyle characteristics as independent and domain-specific sitting levels as dependent variables for desk-based employees (n=794). likely to lead to negative health outcomes. At present, there is no consensus among researchers regarding the estimated limit of daily sitting that may induce detrimental health consequences. A recent meta-analysis of prospective studies provided some evidence to suggest that self-reported total daily sitting ≥600 minutes/day (10 hours/ day) is associated with a 34% increase in mortality risk after adjustment for leisuretime physical activity. 35 Further replication of these findings is needed before this sitting volume becomes a recognised threshold. Nevertheless, 30.5% of our sample reported total daily sitting for ≥600 minutes/day, which indicates that a significant number of deskbased employees may be at an increased risk of all-cause mortality due to high sitting levels. Moreover, research has shown that individuals commonly underestimate their daily sitting time. 3 Therefore, the sitting times of desk-based employees are likely to be even higher than those found in the present study.
Independent variable list
A novel aspect of this study was that it examined how desk-based employees' daily sitting time is distributed across different domains. Our results identified that in desk-based employees, work-related sitting accounts for more than half of daily sitting time. Leisure-time and transport domains accounted for about one-third and just over 10% of daily sitting, respectively. Therefore, workplace sitting reduction interventions may have significant potential to reduce total sitting in desk-based employees. Recent controlled intervention trials have investigated the feasibility of reducing workplace sitting in office-based workers. These studies have provided some promising evidence of the short-term (e.g. 4-12 weeks) effectiveness for reducing occupational sitting by providing workers with sit-tostand work desks, 36-38 a combined approach of installing sit-to-stand work desks and providing support at a management/ organisational level, 37 or specifically designed computer prompting software to reduce workplace sitting. 39, 40 However, at present, the long-term effectiveness in reducing sitting time and the effects on health outcomes of such interventions remains unknown.
The present study helps identify distribution of sitting across different domains, which may inform the development of domainspecific interventions to reduce sitting. When compared to those in white collar occupations, blue collar employees reported higher total daily sitting levels. A linear regression analysis showed that age and MVPA are inversely related to total sitting time after adjustment for other sociodemographic and lifestyle characteristics. These results are in accordance with previous research, 18 and highlight the importance of targeting younger and less physically active desk-based employees in future sitting interventions among desk-based workers. Furthermore, the regression analyses revealed that BMI was significantly related to leisuretime and transport-related sitting, but not to occupational sitting. These findings are in concordance with previous research that has shown a mixed relationship between sitting at work and BMI status, 43 and more consistent associations between high levels of leisure-time 18 and transport-related sitting and higher BMI. 44, 45 Finally, our results clearly show that correlates of sitting are domain-specific. For example, white collar occupations showed positive associations with occupational sitting, negative associations with leisure-time sitting and no association with transport-related sitting. This underscores the importance of assessing of domain-specific sitting time in future studies, as conclusions based solely on total sitting time may be misleading.
A limitation of the study was that the sample was predominantly women, and had low proportions of overweight/obese individuals and high proportions of blue-collar workers, sufficiently active and well-educated adults. However, given the present study aimed to recruit a sample of adults in desk-based work settings who predominately sit for working tasks, we did not intend our findings to be generalisable to the whole population. Another limitation of this study was the use of self-reported sitting time data. It has been recommended that, whenever possible, sedentary behaviour studies should use both self-report and objective measures. 3 However, a constraint when using objective instruments is that without potentially onerous written logs and diaries, objective instruments do not provide information on the domain or context of the behaviour. 46 Also, there are some logistical issues (such as, adherence to wearing of the units) and costs associated with the use of accelerometry or inclinometers in population studies. For such reasons, self-report surveys remain the most common sitting assessment method. 47 Further study limitations included the fact that the sampling process did not allow for recruitment of a 'true' random sample of workplaces and employees. Also, we did not assess the disability status of the participants. Moreover, once the surveys were delivered to work settings, it was not possible to assess what were the motivating factors that may have influenced study participation. In addition, the use of selfreported physical activity levels and height and weight may lead to misinterpretations of the results. However, previous research has shown acceptable agreement between BMI estimates based on self-reported and measured height and weight. 48 The major strengths of this study include: 1) the assessment and separate analysis of domain-specific sitting volumes and its correlates; and 2) a large sample of adults who commonly sit for working tasks and are, therefore, potentially susceptible to negative outcomes associated with excessive sitting.
Conclusion
This study showed that desk-based employees spend excessive time sitting, with workplace sitting being a major contributor. Given the high contribution of occupational sitting to overall sitting time, interventions could focus on reducing sitting time in the work setting. Public health strategies to reduce daily sitting levels in desk-based workers should particularly focus on younger, overweight/obese and insufficiently active individuals, as it seems that they are at the highest risk of this health-risk behaviour.
